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INTRODUCTION 

Recent  trends  in  the  development  of  light  armored  assault  vehicles  (LAV) 
equipped  with  high  velocity  tank  cannon  have  initiated  a  need  for  a  medium 
efficiency  muzzle  brake.  The  principle  function  of  the  muzzle  brake  is  to 
reduce  the  recoil  Impulse  to  a  level  that  is  acceptable  for  a  light  assault 
vehicle.  Equally  Important  Is  the  need  for  accuracy  and  lightweight.  Because 
of  the  accuracy  criterion,  the  muzzle  braze  must  not  adversely  alter  the 
exterior  ballistic  trajectory  and  thereby  affect  weapon  precision.  The  brake 
must  be  capable  of  accommodating  both  fin  and  spin  stabilised  kinetic  energy 
rounds.  Since  the  LAV  has  an  overall  system  weight  limit  due  to  air 
transportability  requirements,  the  mussle  brake  likewise  has  a  weight 
constraint.  Based  upon  the  considerations  mentioned,  the  most  promising 
approach  appears  to  be  a  perforated  mussle  brake. 

Reference  1  presents  a  numerical  procedure  for  predicting  the  performance 
of  perforated  muzzle  brakes.  The  present  report  describes  a  firing  test 
conducted  to  study  the  performance  of  these  devices.  The  experimental  results 
reported  here  will  be  a  useful  aid  in  refining  the  numerical  procedure  set 
forth  in  Reference  l  and  in  studying  the  performance  of  these  devices. 

There  are  numerous  reports  which  describe  experimental  efforts  at 
analyzing  the  performance  of  many  different  types  of  muzzle  devices  (refs 
2-21),  but  no  quantitative  details  have  been  reported  on  the  functioning  of 
perforated  devices. 

References  are  listed  at  the  end  of  this  report. 
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DESCRIPTION  OP  THE  EXPERIMENT 

A  program  was  conducted  to  obtain  experimental  date  on  perforated  muzzle 
brakes.  These  data  would  be  used  In  a  comparison  of  the  predictions  of  brake 
performance  described  in  Reference  1.  Tests  were  conducted  In  the 
Aerodynamics  Rango  cf  the  Army's  Ballistic  Research  Laboratory  at  Aberdeen 
Proving  Ground.  Maryland  (ref  22).  The  firing  tests  were  conducted  to  measure 
the  free  field  blast  overpressures  around  the  weapon  and  the  recoil  impulse  of 
the  weapon  fitted  with  different  mussle  brakes.  The  blast  and  near  muxsle 
flow  field  were  further  analysed  by  taking  spark  shadowgraphs  of  the  mussle 
flow  field  at  various  times. 

The  free  field  blast  around  the  mussle  was  measured  using  an  array  of 
static  pressure  transducers  placed  on  an  arc  .6m  (30  calibers)  from  the 
mussle  of  the  gun.  The  transducers  were  arranged  on  angles  measured  from  the 
axis  of  the  gun  from  10  to  150  degrees.  The  transducers  used  were  Kistler 
20185  Piezotrons,  or  the  equivalent,  mounted  in  sharp  edged  semi-circular 
plastic  discs  having  a  diameter  of  .07  m.  The  discs  were  aligned  such  that 
the  plane  of  their  surface  passed  through  the  axis  of  the  gun.  The  output  of 
the  transducers  was  recorded  on  magnetic  tape  after  being  processed  by  a 
Physical  Data,  Inc.  Model  51 5A  Transient  Recorder  and  a  Hewlett  Packard  984 5B 
Computer. 

In  addition  to  the  free  field  blast  pressure  measurement,  the  recoil 
impulse  was  obtained  utilizing  a  free  recoil  mount.  This  mount  presents  very 
little  resistance  to  the  rearward  movement  of  the  gun  for  a  distance  of  about 
0.1  ro.  By  measuring  the  recoil  velocity  and  knowing  the  mass  of  the  recoiling 
parts,  the  total  impulse  can  be  determined.  The  recoil  velocity  was  obtained 
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by  displaying  the  interruptions  of  a  helium  neon  laeer  beam  directed  through  a 
calibrated  grating  fixed  to  the  moving  parte  into  a  photodiode,.  The  output  of 
the  photodiode  use  displayed  on  a  Nlcolet  Model  204  dlgltel  oscilloscope*  By 
measuring  the  time  elasped  between  known  distances  of  the  grating,  the  recoil 
velocity  was  obtained*  The  recoil  momentum  was  computed  from  this  velocity. 

Spark  shadowgraphs  were  obtained  by  directing  a  one-microsecond  spark 
light  source  onto  a  large  Fresnel  lens.  The  shadow  caused  by  the  flow  field 
properties  cast  upon  the  Frensel  lens  was  directed  into  the  camera.  4  delay 
counter  was  used  to  trigger  the  spark  light  source  at  a  specific  time.  This 
allowed  the  flow  field  to  be  observed  at  different  ttmes.  This  technique 
proved  to  be  very  useful  In  obtaining  sequenced  shadowgraphs  of  the  flow  field 
development  (ref  4).  An  open  shutter  camera  loaded  with  color  film  was  used 
to  monitor  the  flash  characteristics  and  any  secondary  combustion  in  the 
exhaust  flow. 

The  projectile  velocity  was  measured  at  six  stations  from  4.6  m  to  13.85 
m  measured  from  the  muzzle  of  the  gun.  At  each  of  these  stations,  a  light 
screen  was  connected  to  a  time  Interval  counter.  The  projectile  triggered  the 
light  screen  which  caused  the  time  interval  counter  to  atop.  The  velocity  was 
obtained  by  recording  the  elapsed  time  between  any  two  stations. 

The  weapon  used  in  the  firing  tests  is  a  20  mm  cannon  with  a  shot  travel 
of  1.43  m,  a  chamber  volume  of  4.17xl0'“!*m3,  and  a  twist  of  rifling  of  one  turn 
in  25  calibers.  The  projectile  is  that  of  the  standard  M55A2  training  round 
(inert)  weighing  0.098  kg.  The  propellant  for  this  round  is  WC870  ball  powder 
with  the  following  properties: 
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Specific  Fovea  •  9,8x1 05  m2/s2 
Y  •  1.24 

The  M55A2  round  has  .0389  kg  of  propellant  which  produces  a  nominal  (tussle 
velocity  of  1045  m/s  with  this  gun.  The  test  set-up  is  shown  in  Figure  1. 

The  results  of  three  mussle  brake  configurations  will  be  reported.  One 
brake  was  constructed  to  house  three  PCB  model  HU 3423  pressure  transducers  to 
record  inbore  pressures.  The  output  of  these  pressure  transducers  was 
recorded  on  Nlcolet  Model  204  digital  oscilloscope.  These  gages  gave  a 
record  of  the  static  pressure  inside  the  brake  during  firing.  The  vent  holes 
of  this  brake  were  aligned  so  that  the  Interference  from  the  exhausting  gases 
on  the  transducer  leads  would  be  minimized,  411  brakes  had  vent  holes  of  the 
following  description:  three  rows  of  1.6  mm  diameter  holes  with  twelve  holes 
per  row,  three  rows  of  3.2  mm  diameter  holes  with  twelve  holes  per  row,  and 
four  rows  of  4.8  mm  diameter  holes  with  twelve  holes  per  row.  The  vent  holes 
were  of  constant  diameter  and  were  located  perpendicular  to  the  axis  of  the 
gun  bore.  The  configuration  produced  a  very  simple  brake  with  which  to 
conduct  the  test.  The  brakes  tested  are  described  In  Table  1. 


T4BLK  l.  20  mm  MJZZLR  DEVICES 


Numher 

Description 

1 

Perforated  Muzzle  Brake,  21  mm  Projectile  Hole 

AR  «  3.38  L/0  -  5.75 

2 

Perforated  Muzzle  Brake,  21  mm  Projectile  Hole 

AR  -  3.38  L/D  *  10.7,  3  Static  Pressure  Taps 

3 

Perforated  Muzzle  Brake,  21  mm  Projectile  Hole 

AR  -  3.38  L/D  -  1.78 

were  loaded,  and  the  shutters  opened*  The  gun  was  loaded  and  then  moved  to 
the  most  forward  position  In  the  recoil  mount,  In  order  to  Insure  the  gun  was 
not  fired  with  technicians  In  the  firing  room,  each  technician  carried  a  key 
that  had  to  be  Inserted  Into  the  firing  console  before  the  weapon  would  fire. 
When  the  firing  room  was  loaded  and  cleared  of  personnel,  the  computer  and 
oscilloscopes  were  armed  for  data  acquisition.  The.  velocity  screens  and  the 
time  Interval  counters  were  cleared  and  the  firing  sequence  was  initiated. 

Once  Initiated,  the  sequence  started  the  time  Interval  counters,  set  the  spark 
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light  source  power  supply,  and  fired  the  gun. 

After  each  shot,  a  technician  applied  the  necessary  time  delay  setting 
for  the  spark  light  source  and  reloaded  the  cameras  and  gun.  While  the  gun 
and  cameras  were  reloaded,  the  oscilloscopes  displayed  their  data  and  then 
stored  It  on  a  magnetic  disk.  The  computer  automatically  displayed  the  blast 
pressure  traces  and  produced  hard  copies.  When  the  computer  completed  the 
last  plot,  It  was  armed  for  the  next  shot  and  the  cycle  was  repeated.  The 
flash  monitoring  photographs  were  polarold  and  thus  were  quickly  available. 

The  spark  shadowgraphs  needed  seven  minutes  for  developing  the  film.  This 
gave  the  crew  enough  time  to  repeat  a  shot  in  the  event  a  shadowgraph  was  not 
obtained  due  to  light  failure  or  other  reasons.  This  system  worked  very  well 
and  enabled  many  data  to  be  acquired  in  a  very  short  time. 

Experimental  Results 

Free  Field  Blast 

The  free  field  bLast  was  measured  to  determine  the  effects  caused  by  the 
addition  of  the  perforated  muxxle  brake.  The  blast  pressures  for  each  muxxle 
configuration  are  shown  in  Figures  2  through  4.  The  flow  field  generated  by 
the  various  brakes  was  recorded  via  the  spark  shadowgraph  technique. 

The  blast  and  flow  fields  generated  by  a  perforated  brake  tested  are 
shown  in  the  following  sequence  of  spark  shadowgraphs.  Figures  5  and  6  show 
the  flow  field  110  iis  prior  to  shot  ejection.  In  these  figures,  the  precursor 
shock  wave  and  plume  details  are  readily  visible.  The  flow  field  at  14  ps 
prior  to  shot  ejection  is  shown  in  Figures  7  and  8.  Note  the  propellant  gas 
flow  Issuing  from  the  first  few  rows  of  vent  holes  (see  Figure  8).  In  Figures 
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9  and  10  the  flow  field  is  139  ys  from  shot  ejection,  the  projectile  has 
cleared  the  nuzzle,  and  the  main  propellant  d-  iven  blast  is  forming.  The 
fully  developed  blast  flrv  is  seen  *  Figures  11  and  12.  These  show  the 
projectile  out  of  the  shock  waves,  i  .  fully  developed  nuzzle  exhaust  plume, 
and  the  high  density  gas  cloud  formed  by  the  propellant  gas  as  it  discharges 
into  the  atmosphere  from  the  vent  holes. 

Muzzle  Brake  Interior  Pressure 

The  pressure  in  the  interior  of  the  muzzle  brake  was  measured  during  the 
test.  The  output  of  the  FCB  pressure  transducer  for  one  shot  is  presented  in 
the  next  set  of  figures.  The  output  from  gage  #1  located  at  the  entrance  to 
the  brake  -.119  m  from  the  muzzle  of  the  brake,  is  shown  in  Figure  13.  The 
weak  pressure  rise  associated  with  the  precursor  is  seen  at  early  times 
followed  by  the  sharp  rise  caused  by  the  passage  of  the  projectile.  Once  the 
projectile  has  passed  the  gage,  the  pressure  decays  due  to  the  loss  of  mass 
through  the  muzzle  brake. 

The  pressure  history  for  the  gage  located  -.064  m  from  the  muzzle  of  the 
brake  is  shown  in  Figure  14.  The  pressure  history  follows  the  trend  of  the 
previous  gage  with  the  effects  of  the  precursor,  projectile  passage,  and 
blowdown.  The  peak  pressure  is  seen  to  be  lower  from  this  second  gage  than 
for  the  first  gage.  This  is  due  to  the  propellant  gases  being  vented  through 
the  first  six  rows  of  vent  holes  located  between  these  two  gages. 

The  pressure  history  shown  in  Figure  15  is  that  of  the  third  gage, 
located  -.01  m  from  the  exit  of  the  muzzle  brake.  As  seen  in  the  previous 
muzzle  brake  pressure  traces,  -his  trace  displays  the  features  seen  in  the 
other  two,  i.e.,  precursor  passage,  and  blowdown.  The  maximum  pressure  for 
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the  third  gage  has  dropped  considerably  from  the  level  seen  In  the  first  gage. 
This  Indicates  that  a  considerable  amount  of  propellant  gases  have  been  vented 
through  the  holes  in  the  brake. 

Recoil  Reduction 

The  recoil  Impulse  was  determined  for  every  muzzle  configuration  used  in 
the  firing  test.  This  was  accomplished  by  utilizing  the  free  recoil  mount. 

The  mount  permits,  as  much  as  possible,  free  recoil  of  the  weapon  during 
firing.  By  measuring  the  output  of  the  photodiode  caused  by  the  calibrated 
grating  breaking  a  laser  beam,  the  recoil  velocity  can  be  readily  determined. 
Knowing  the  mass  of  the  recoiling  parts  permits  the  momentum  of  the  recoiling 
mass  to  be  calculated.  This  momentum  is  equal  in  magnitude  to  the  impulse 
generated  from  firing  the  gun. 

The  efficiency  of  the  muzzle  brake  can  be  determined  by  measuring  the 
recoil  impulse  for  the  brake  and  no  brake  configurations.  The  experimentally 
determined  gas  dynamic  efficiency  can  be  computed  by 

3  ”  (Iwo”*w)/ (Iwo”MpVe) 

where 

Iwo  -  impulse  without  muzzle  device 
Iw  ■  impulse  with  muzzle  device 
Mp  *»  mass  of  projectile 
Ve  »  projectile  muzzle  velocity 

The  terra  MpVe  is  the  impulse  associated  with  firing  the  projectile.  When  this 
is' subtracted  from  I m  the  remainder  is  the  residual  impulse  of  the  propellant 
gases  available  to  do  work  on  the  brake.  The  overall  recoil  efficiency  of  the 
muzzle  brake  is  given  by 
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The  experimental  results  for  the  brake  efficiencies  are  presented  In  Table  II. 
A  further  point  of  Interest  In  Table  II  Is  the  Increase  In  muzzle  velocity 
associated  with  the  use  of  these  muzzle  brakes. 


TABLE  II.  RECOIL  AND  VELOCITY  DATA 


Configuration 

(N-s) 

Iw 

(N-s) 

r  ^ 

x-e 

_ 

0 

(30 

Vmuz 

(m/s) 

Flash 

20  mm  Bare  Muzzle 

148 

- 

- 

- 

1044 

No 

#1 

i 

- 

130 

13 

42 

1058 

No 

n 

- 

129 

13 

42 

1060 

No 

n 

- 

125 

15 

52 

1058 

No 

DISCUSSION  OF  RESULTS 

The  blast  overpressures  for  each  muzzle  configuration  are  shown  in 
Figures  2  through  4.  In  these  figures  the  shifting  of  the  blast  levels  at 
each  gage  location  Is  evident.  Note  that  the  blast  overpressure  with  the 
perforated  muzzle  crake  is  higher  along  the  axis  of  the  gun  than  the  bare 
muzzle  case.  At  locations  between  90°  and  35°  however,  the  blast 
overpressures  are  lower  with  the  perforated  muzzle  brake.  The  increase  in 
blast  overpressure  to  the  rear  of  the  weapon  is  due  to  the  radial  venting  of 
the  propellant  gases  as  opposed  to  the  normally  axial  efflux  encountered  with 
the  bare  muzzle  case.  The  increase  in  blast  overpressures  forward  of  90°  from 
the  muzzle  is  due  to  the  mechanism  generating  the  blast  wave,  namely  the 
opening  of  the  brake  vent  holes.  The  projectile  uncorks  each  row  of  vent 
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holes  causing  the  propellant  gases  to  vent  and  create  a  shock  wave  and  plume 
structure.  As  the  projectile  passes  each  subsequent  row  of  vents,  a  starting 
shock  wave  is  created  and  the  strength  of  the  outer  blast  Is  Increased.  The 
focusing  of  the  outer  blast  In  the  predominantly  forward  direction  is  the 
result  of  the  sequential  venting  of  the  brake  which  tends  to  produce  stronger 
blast  in  the  forward  direction. 

The  reduction  of  the  blast  overpressure  in  the  lateral  position  of  the 
muzzle,  35c  -  90°,  was  not  expected  but  follows  from  the  previous  observa¬ 
tions.  The  amount  of  energy  a  weapon  and  cartridge  combination  can  deposit  to 
the  atmosphere  is  fairly  constant.  If  one  raises  blast  overpressures  in  one 
area,  it  follows  that  the  overpressure  should  be  reduced  in  some  other  area. 

A  further  contribution  to  the  lower  blast  overpressures  in  the  lateral 
positions  is  presumed  to  be  due  to  the  geometry  of  the  muzzle  brake.  The 
presence  of  the  many  holes  presents  a  more  diffuse  energy  source  than  a 
baffled  brake  configuration  or  the  bare  muzzle.  This  configuration  then 
produces  a  weaker  blast  wave  in  the  lateral  positions.  This  phenomena  was 
observed  in  Reference  33  with  the  supersonic  jet  noise.  In  Reference  1  the 
Godunov  code  predicted  pressure  Increases  over  the  bare  muzzle  case  on  the 
order  of  70  percent  at  the  150°  location  due  to  the  use  of  a  perforated  muzzle 
brake,  cf.  Figure  16.  The  measured  pressure  increase  at  this  location  was 
found  to  be  63  percent.  This  agreement  is  considered  quite  good  considering 
the  Godunov  Code  does  not  model  the  precursor  effects,  the  boundary  layer 
buildup  and  other  viscous  effects  in  the  vent  holes,  and  the  turbulent  mixing 
that  occurs  in  the  external  jet  flow  field.  All  of  these  physical  phenomena 
tend  to  attenuate  the  strength  of  the  blast  wave  which  puts  the  Godunov 
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predicted  pressure  in  a  much  better  perspective.  For  the  purpose  of  this 


*j 


investigation  and  considering  the  assumptions  made  In  applying  the  Godunov 
Code  to  this  regime,  this  agreement  is  considered  quite  good. 

The  measured  static  pressures  at  each  gage  location  in  bru.ve  #2  are  shown 
in  Figures  13  through  15.  These  pressures  follow  the  trend  predicted  by  the 
Method  of  Characteristics  (MOC)  presented  in  Reference  1.  The  pressure  at  the 
first  gage  location,  placed  at  the  entrance  to  the  brake,  was  measured  to 
within  10  percent  of  the  value  calculated  by  the  Mf>C.  At  the  exit  of  the 
brake  the  agreement  is  not  as  good.  The  MDC  underpredicted  the  pressure  at 
the  exit  of  the  brake  by  about  49  percent.  This  discrepancy  is  seen  to  be 
attributed  to  the  assumption  made  in  applying  the  MOC  to  the  flow  in  the 
muzzle  brake.  The  MOC  assumes  a  perfect  gas  and  one-dimensional  flow.  The 
vent  nozzles  are  assumed  to  open  immediately  upon  projectile  passage  and  flow 
fills  the  vent  holes.  The  viscous  and  inertial  effects  such  as  boundary  layer 
choking  of  the  vents  or  the  occurrence  of  separated  flow  near  the  upstream 
side  of  the  vent-bore  juncture  are  not  modeled.  The  one-dimensional 
approximation  does  not  take  into  account  the  cross  bore  gradients  in  the  fluid 
properties  caused  by  the  venting  outflow.  All  these  assumptions  lead  to  a 
higher  mass  outflow  through  the  vent  holes  being  predicted  than  that  which  is 
observed  in  the  actual  flow.  Thio  causes  the  MOC  predictions  of  pressure  to 
be  lower  at  the  exit  of  the  brake  than  those  seen  experimentally. 

An  interesting  trend  was  seen  in  the  increase  in  the  muzzle  velocity  with 
the  addition  of  the  muzzle  brake.  Table  II  presents  the  muzzle  velocity  for 
each  configuration  tested.  The  MOC  predicted  an  increase  in  muzzle  velocity 
of  2  m/s  over  the  bare  muzzle  case  for  the  brake  tested  in  this  firing  test. 
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The  actual  brake  produced  muzzle  velocltlea  13-15  m/s  higher  than  the  bare 
muzzle  case.  The  causes  of  the  HOC  prediction  to  be  lower  were  determined  by 
thosa  discussed  in  the  previous  paragraph.  Since  the  MOC  overpredicts  the 
amount  of  propellant  gases  venting  through  the  brake,  it  will  underpredict  the 
resultant  muzzle  velocity  due  to  there  being  less  propellant  gase  available  to 
push  the  projectile.  Nevertheless,  the  increase  in  muzzle  velocity  achieved 
by  these  brakes  is  seen  to  be  of  significance  and  is  a  favorable  occurrence. 

The  recoil  characteristics  of  each  configuration  are  also  presented  in 
Table  II.  The  HOC  predictions  of  recoil  impulse  were  typically  lower  than  the 
experimentally  determined  values  by  about  13-17  percent.  This  level  of 
agreement  was  achieved  in  all  the  measurable  quantities  concerning  recoil 
impulse.  The  MOC  predicted  values  for  the  muzzle  brake  efficiency  were  seen 
to  be  slightly  higher  than  those  determined  experimentally.  This  was  to  be 
expected  following  the  observed  trends  seen  in  the  measured  pressure  inside 
the  muzzle  brake.  The  MOC  predictions  of  the  overall  efficiency,  ij>,  were  seen 
to  be  within  15  percent  of  the  experimentally  determined  values.  This 
agreement  is  considered  quite  good. 

The  MOC  predicted  values  for  the  gas  dynamic  efficiency,  0,  was  about  30 
percent  over  that  determined  by  experiment.  This  is  an  interesting  departure 
from  the  usual  13-17  percent  trend  in  the  other  error  observed.  The  most 
probable  explanation  for  this  lies  In  the  computation  of  0.  0  is  determined 
by 

(-13)  (-14) 

(Iwo  “  Iw) 

(*wo  “  MpV0) 

(-13)  (-4) 
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is  determined  by 


(-13)  (-14) 
*vo  “  *w 


(-13) 


The  error  associated  with  each  constituent  quantity  Is  shown  In  parenthesis. 

It  Is  clear  that  the  computation  of  d  has  an  unbalanced  error  which  Is  seen  to 
be  additive  over  the  existing  error  between  prediction  and  experiment.  The 
computation  for  $  has  error,  but  since  it  is  associated  with  all  the 
quantities  In  i|>  Is  of  the  same  value,  the  error  cancels  out  and  closer 
agreement  Is  obtained. 

An  interesting  observation  Is  the  reduction  of  brake  efficiency  that 
occurs  with  larger  wall  thicknesses,  as  shown  in  Table  II.  Brake  til  has 
L/D  -  5.75  as  opposed  to  brake  #3  with  L/D  -  1.78.  The  efficiency  reduction 
due  to  the  thickness  of  the  walls  Is  presumed  to  be  due  to  either  the  added 
wall  friction  or  the  buildup  of  pressure  on  the  upstream  wall  of  the  vent 
hole.  In  either  case,  this  occurrence  will  be  looked  at  more  closely. 

The  agreement  of  all  the  numerical  predictions  with  the  experimental 
values  Is  quite  good.  The  models  used  in  the  analysis  are  seen  to  adequately 
describe  most  of  the  flow  regimes. 

CONCLUSIONS 

The  experimentally  measured  quantities  of  the  performance  6f  the 
perforated  muzzle  brakes  was  found  to  validate  the  numerical  predictions 
presented  in  Reference  1.  The  simplifying  assumptions  made  in  order  to  apply 
the  MDC  to  this  flow  regime  were  found  to  cause  higher  predictions  in  muzzle 
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brake  efficiency  than  thoaa  found  by  experiment.  The  experimental  results 
give  good  Indications  as  to  how  to  modify  the  current  model  to  better  predict 
the  performance  of  the  devices. 

The  experiments  further  verified  the  capabilities  of  the  Godunov  scheme 
developed  In  Reference  24.  The  experimental  results  have  revealed  an  accurate 
modeling  of  the  flow  field  by  the  Gcdunov  Code  in  Reference  l.  As  was  found 
with  the  MDC  results,  the  assumptions  made  In  applying  the  Godunov  Code  caused 
the  predicted  results  to  vary  from  the  experimental  results  In  an  anticipated 
direction.  The  Godunov  Code  is  a  valuable  tool  In  predetermining  the  blast 
field  structure  and  signature  for  these  type  of  muzzle  brakes. 

The  simple  perforated  muscle  brakes  were  found  to  be  a  useful  mussle 
device  both  In  terms  of  producing  a  satisfactory  braking  force  and  in 
modifying  the  blast  signature  of  the  weapon  exhaust  field.  The  perforated 
brakes  tested,  as  anticipated,  did  not  produce  any  flash. 

The  perforated  brakes  studied  produced  an  increase  In  projectile  velocity 
by  13-15  m/s.  This  amounts  to  a  1.5  percent  increase  in  the  muzzle  velocity 
which  Is  a  desirable  effect. 

The  perforated  muzzle  brakes  tested  were  observed  to  produce  a  weaker 
muzzle  exhaust  plume  because  of  the  propellant  venting  out  of  the  brake.  This 
is  seen  as  a  favorable  occurrence,  as  the  reduced  plume  strength  is  presumed 
to  have  a  favorable  effect  on  the  initial  yaw  rates  of  the  projectile  and  on 
the  projectile  stability  In  the  intermediate  ballistic  region  (ref  25). 

The  perforated  brakes  used  in  this  study  did  not  experience  any 
observable  wear  or  erosion  due  to  the  hot  (1705°K)  propellant  gases.  This  Is 
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a  favorable  observation  since  reduced  wear  of  these  devices  can  result  In  the 


use  of  lighter  materials  and/or  an  increased  service  life. 

The  strong  dependence  of  muzzle  brake  efficiency  on  the  wall  thickness  or 
L/D  ratio  was  significant  enough  to  require  an  examination  of  it  to  determine 
the  optimal  wall  thickness  for  a  given  brake  design* 
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Figure  2.  Blast  Overpressure  Measurements  for  Device  #1. 
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Figure  4.  Blast  Overpressure  Measurements  for  Device  #3. 


Figure  12.  Spark  Shadowgraph  of  Flow  Field  250  ua  Device  #1 
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US  ARMY  TANK-AUTMV  R&D  COMD  l 

ATTN:  TECH  LIB  -  DRSTA-TSL 

WARREN,  MI  48090 

COMMANDER 

US  ARMY  TANK-AUTMV  COMD  1 

ATTN:  DRSTA-RC 

WARREN,  MI  48090 

COMMANDER 

US  MILITARY  ACADEMY 

ATTN:  CHMN ,  MECH  ENGR  DEPT  1 

WEST  POINT,  NY  10996 

US  ARMY  MISSILE  COMD 
REDSTONE  SCIENTIFIC  INFO  CTR  2 

ATTN:  DOCUMENTS  SECT,  BLDG.  4484 

REDSTONE  ARSENAL,  AL  35898 

COMMANDER 

US  ARMY  FGN  SCIENCE  &  TECH  CTR 
ATTN:  DRXST-SD  1 

220  7TH  STREET,  N.E. 

CHARLOTTESVILLE,  VA  22901 


NOTE:  PLEASE  NOTIFY  COMMANDER,  ARMAMENT  RESEARCH  AND  DEVELOPMENT  CENTER, 
US  ARMY  AMCCOM,  ATTN:  BENET  WEAPONS  LABORATORY,  DRSMC -LCB-TL , 
WATERVLIET,  NY  12189,  OF  ANY  ADDRESS  CHANGES. 
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NO.  OF 

NO.  OF 

COPIES 

COPIES 

COMMANDER 

DIRECTOR 

US  ARMY  MATERIALS  &  MECHANICS 

US  NAVAL  RESEARCH  LAB 

RESEARCH  CENTER 

2 

ATTN:  DIR,  MECH  DIV 

1 

ATTN:  TECH  LIB  -  DRXMR-PL 

CODE  26-27,  (DOC  LIB) 

1 

WATERTOWN,  MA  01272 

WASHINGTON,  D.C.  20375 

COMMANDER 

COMMANDER 

US  ARMY  RESEARCH  OFFICE 

AIR  FORCE  ARMAMENT  LABORATORY 

ATTN:  CHIEF,  IPO 

1 

ATTN:  AFATL/DLJ 

1 

P.O.  BOX  12211 

APATL/DLJG 

1 

RESEARCH  TRIANGLE  PARK,  NC  27709 

EGLIN  AFB,  FL  32542 

COMMANDER 

METALS  &  CERAMICS  INFO  CTR 

US  ARMY  HARRY  DIAMOND  LAB 

BATTELLE  COLUMBUS  LAB 

1 

ATTN:  TECH  LIB 

1 

505  KING  AVENUE 

2800  POWDER  MILL  ROAD 

COLUMBUS,  OH  43201 

ADELPHIA,  MD  20783 

COMMANDER 

NAVAL  SURFACE  WEAPONS  CTR 
ATTN:  TECHNICAL  LIBRARY  l 

CODE  X212 

DAHLGRBN,  VA  22448 


NOTE:  PLEASE  NOTIFY  COMMANDER,  ARMAMENT  RESEARCH  AND  DEVELOPMENT  CENTER, 
US  ARMY  AMCCOM,  ATTN:  BENET  WEAPONS  LABORATORY,  DRSMC-LCB-TL, 
WATERVLIET,  NY  12189,  OF  ANY  ADDRESS  CHANGES. 


